Abstract: This paper proposes an adaptive speed/position tracking control of an induction motor subject to unknown load torque via strictly positive real (SPR) analysis. The controller is developed under a special nonlinear coordinate transform such that either speed or position control objective can be fulfilled. The underlying design concepts are to endow the close-loop system while under lack of knowledge of some key system parameters, such as the rotor resistance, motor inertia and motor damping coefficient. The proposed control scheme comes along with a thorough proof derived based on Lyapunov stability theory. The experimental results are also given to validate the effectiveness of the presented control scheme.
speed/position tracking control scheme based on the indirect FOC with the strictly positive real (SPR) property (Narendra and Annaswamy, 1989) . Moreover, the proposed control scheme handles the problems with both uncertainties of rotor resistance and load torque, respectively. The system parameters of the induction motor, except its rotor resistance, and mechanical parameters, are known as mentioned previously. For rigorousness, the developed control scheme is thoroughly analyzed via Lyapunov stability theory, and the asymptotic convergence property is soundly proved. The experimental results are given to validate the performances.
PRELIMINARIES
In this section, we will first review the mathemati- 
qs ds V V V c + = at any time (Lee and Fu, 2001; Lee, et al., 2000a; Lee et al., 2000b 
This assumption is more realistic than a constant load torque. Therefore, the mechanical load in the form aforementioned can be rearranged as 
where the parameters 1 2 3 4 5 , , , , and a a a a a are defined in the nomenclature.
OBSERVERS AND CONTROLLERS
To proceed with the controller design, we first introduce the observers to estimate the unmeasurable rotor flux, and the unknown rotor resistance.
Observer Design
Due to Assumption (A.2), we have to build an observer and a parameter estimator to estimate the rotor flux as well as the rotor resistance. There exist various types of flux observers and parameter estimators in the literature, which have been described in (Lin, and Fu, 2000) , which we omitted here.
Speed Tracking Controller
Before we introduce the design of the controller, in order to avoid dealing with the discontinuous function sgn(x), we approximate it by the so-called sigmoid function smod(x) defined below:
where 1 γ > determines the slope of the function.
By taking such approximation, we will be able to
f ω for the subsequent purpose of controller design. To proceed with the design, we first write down the speed tracking error equation from (2) as: 
where 1 
for some 1 0 Γ > , then both 5 e , 1 Θ , and hence 5 x are bounded. But in fact we can show that the proposed nonlinear adaptive S.P.R. speed controller consisting of control law (6) and adaptation law (7) will guarantee the boundedness of all signals in the closed-loop, and yield convergence of tracking error 5 e . Such fact is stated in the following theorem.
Theorem 1. Consider an induction motor whose dynamics are governed by system (2) with unknown load torque under the Assumption (A1) and (A2).
Given where A can be shown to be Hurwitz. After reviewing definitions of x 3 and V, respectively, we found that the first entry of u will be bounded because x 2 grows no slower than x 3 if x 3 does grow unbounded (due to the 2 nd equation of (2)). Hence, u is apparently bounded, and hence X will be bounded. But this fact leads to contradiction to the hypothesis in the second case. This then proves the boundedness of all the states. For convergence of tracking error e 5 , we note that 5 e is bounded, and thus 5 0 e → as t → ∞ from Barbalat's Lemma. Q.E.D.
After the design of the proposed speed controller, we then expand it to the position controller as follows.
Position Tracking Controller
In order to design the position tracking controller, we augment the system (2) with additional previous defined Equation (8) as shown below: To proceed with the design, we first define the joint tracking error 
for κ 3 > 0,where e 5 = x 5 − ω d , e 6 = x 6 − θ d , and
as defined previously. After differentiating both sides of (9), we obtain the following: 
We first apply some algebraic manipulation on both (8) and (10) 
